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Calculate the zero point energy for a particle in an infinite potential well for the
following cases :
(1) a 100 g ball confined on a 5 m long line.
(i) an oxygen atom confined to a 2x10710 m lattice.
(iii) an electron confined to a 1071 m atom.
Why zero point energy is not important for macroscopic objects ? Comment. 10
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Consider a particle of mass m and charge ¢ moving under the influence of a
one dimensional harmonic oscillator potential. Assume it is placed in a

constant electric field E. The Hamiltonian of this particle is therefore given by
2

1 . .
Hi— 5— & EmeX 2 —gEX. Obtain the energy expression and the wave function of
m

the nth excited state of the particle. 10
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A particle of mass m is in a spherically symmetric attractive potential of radius a.
Find the minimum depth of the potential needed to have two bound states of zero
angular momentum. 10
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A beam of hydrogen atoms emitted from an oven at 400k is sent through a
Stern-Gerlach experiment having magnet of length 1m and a gradient field of

10 tesla/m. Calculate the transverse deflection of an atom at the point where the
beam leaves the magnet. 10
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2.(b)

ﬂﬁ@mﬁo-lweber/mz‘cﬁwaiﬁﬁ'ﬁu & 3§ war 8, 9@ T T
mﬁl=3mﬁ%aﬁmﬁa¢aﬂw&mﬁﬁﬁl

fen o % 5 o = e st ek & ¥ 300 W AW FA € |

If an atom is placed in a magnetic field of strength 0-1 weber/m?, then calculate the
rate of precession and torque on an electron with /=3 in the atom.

Given that the magnetic moment of the electron makes an angle of 30° with the
magnetic field. 10
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An operator P describing the interaction of two spin % particles is P=a +b5'-)1- 5)2,

- - - . :
where @ and b are constants, and 0, and o, are Pauli matrices of the two spins.

: S SR T
The total spin angular momentum S =S, +S, =51 (6, +0,). Show that P, S2 and
S, can be measured simultaneously. 15
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V(x)=0 for x<0

V(x)=%— for x>0

x=0 T REfda S0 F I A AR |

Consider a stream of particles of mass m each moving in the positive x-direction with
kinetic energy E towards the potential barrier

V(x)=0 for x<0
V(x)= %E— for x>0
Find the fraction of particles reflected at x = 0. 15
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0, 0<x<a
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£ 0,. 0<x<ag
Consider the potential Vix)=
T R : ' o, elsewhere

(@) Estimate the energies of the

ground state as well as those of the first and the
second excited states for

(1) an electron enclosed in a box of size a=10"10p,

(if) a 1 g metallic sphere which is moving in a box of size g = 10 cm.

(b) Discuss the importance of the Quantum effects for both of these systems.

(¢) Estimate the velocities of the electron and

the metallic sphere using unc
principle. '
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What is vector atom model ? How the pri

ncipal features of vector atoxﬂ 10del were
explained by Stemn-Gerlach experiment ? _ : g
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What is Lande’§ g factor ? Evaluate the Lande’s g factor for the 3P, level in the
2p3s c-onﬁguratlon of the 6C atom. Also calculate the splitting of the level when the
atom is placed in an external magnetic field of 0-1 tesla. 5+5+5=15
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What is Raman effect ? Explain Quantum theory of Raman effect and Rotational
Structure of a Raman spectrum. 5+10+5=20
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4.(b)

4.(c)
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A particle constrained to move along x-axis in the domain 0 < x <L has a wave

: . [ n7x . . . :
function y(x) = sm(—L—) , where n is an Integer. Normalize the wave function and

evaluate the expectation value of momentum of the particle. 15
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Evaluate the most probable distance of the electron of the hydrogen atom in its
2p state. What is the radial probability density at that distance ? 15

mﬁqﬁu@a&ﬁumw%?m&mﬁmﬁﬁ@aaﬁtgﬁmmﬁﬁﬂ
Ut F =Eh SN S quid hid |

What is nuclear magnetic resonance ? Explain its working principle and use in
magnetic resonance imaging systems. 5+5+10=20
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How could you establish that V, and v, are two different particles ? 10

form Sharen ¥ 6g T MC ¥ T TR W R 27 @ AW B R, IR o
g7

14
fear T % EQ &1 suE=13x1071, ¢ #t Ag-3g (T;,) = 5730 7w |
C

What is the age of a fossil that contains 6 g of carbon '*C and has a decay rate of
27 decays per minute ?

14
Given : Ratio % =13x107", Half life (T;,,) of '*C = 5730 yrs. 10
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(i) M'+p — A" — It +p

iv) ¥'— 2 +y

V) XT—— +et +v,

V) K+p—5 K +K°+ Q-
(Vi) TI°—— y+et+e”
(vii) X —— n+e+7,

(ix) A°— p+e+7,

(x) ef+e—— Y+y

Name the interactions via which the above nuclear decays occur 1x10=10
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5.(d)

5.(e)

6.(a)

6. (b)

6.(c)

7.(2)

7.(b)
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DeﬁYe diffraction conditions using reciprocal lattice concept. What are these
conditions known as ? 10

I@W%Ww n-wéaamﬁwa?rwwé@%mﬁwﬁﬁ
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Show that the Fermi level shifts upward, closer to the conduction band in an

n-type semiconductor and shifts downward, closer to the valence band in a
p-type semiconductor. 10
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Establish the Rutherford’s scattering cross section formula for a-particle by
considering the standard assumptions and symbols. 20
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By assuming the nucleus as a cubical box of length equal to the nuclear diameter

10712 cm, calculate the kinetic energy of the highest level occupied nucleon of
iron-56 nucleus. 15
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What do you understand by nuclear forces ? Explain meson theory of exchange
forces. 5+10=15

R ¥ o figin 1 srmen St | quf B wfgede et @
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Explain classical theory of diamagnetism. Show that the susceptibility of

diamagnetic substances is directly proportional to the atomic number. Why all the
electrons in an atom contribute to diamagnetism ? 5+8+2=15
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Derive an expression for the specific heat of a solid based on the Debye theory and
show how it agrees with the experimental values. What is the most important

assumption of Debye theory in comparison to Einstein theory ? Is there any
drawback of Debye theory ? 15+3+2=20
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‘With a neat circuit diagram, explain the working of Wien-Bridge oscillator. 15
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What do you understand by the critical size of a reactor ? Explain the main features
of nuclear reactors. 5+15=20

8.(b) E'ﬁamw%?wmﬁwﬁmlaﬁmﬁmmﬁ@

whiged aqrd B § 7
What is superconductivity ? Explain Meissner effect. Why superconductors should
be a diamagnetic material ? 15

8.(c) (i) JUTT Qo § wads o frash ok frfa wfteremst & wm frgifa Rt
e Wade & Ienfie & AGER Z, =2MQ, Z,,=75Q 3R 4,
(GaT Iy |ieedt ) = 200,000 ¥ |
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(1) Determine the input and output impedances of th ' In gi
: e amplifier in given figure.
The op-amp datasheet gives Z, =2 MQ, Zyt=75Q and 4 g1= 200g:1)00
(open loop voltage gain). ° , 10

(i1) Find the closed-loop voltage gain. 5
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